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ABSTRACT 
 
The major control of pest stored Lasioderma serricorne for using synthetic pesticides, look like phosphine. Although 
quite effective, synthetic pesticides have a negative effect on the environment, such as pest resistance, deadly natural 
enemies, residues that are harmful to the environment and human health. The use of botanical pesticides as an 
alternative control be the focus this study. Botanical pesticides are selective to the target, safe for non-target insects 
and the environment. This research studies the repellent and fumigant activity of the leaf extract of Citrus hystrix 
against all L. serricorne life stage. The results of GC-MS analysis of leaf crude extracts of C. hystrix with N-hexane 
solvent showed the highest percentage in the citronellal compound (86.43%). C. hystrix leaf extract showed stronger 
fumigant against pupae and eggs, compared adults, and larvae. The toxicity of the leaf extract of C. hystrix increased 
with increasing concentration. At a concentration of 60 ppm, fumigant activity showed the toxicity of 98.75% (pu-
pae), 93.75% (eggs), 86.25% (adults) and 76.25% (larvae). Sequentially the LC50 value of fumigant activity from 
the highest to the lowest as follows; larvae 47.56 ppm, adults 43.42 ppm, eggs 31.61 and pupae 29.63 ppm. Extract 
of leaves of C. hystrix, have character repellent against L. serricorne. At a concentration of 60 ppm the IR value of 
66% including repellent class IV, which means strong repellent level. Based on the results of the research, extracts 
of leaves of C. hystrix has a fumigant activity and repellent for controlling L. serricorne. 
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INTRODUCTION 
One of the processes of post-harvest management is 
the storage and drying tobacco in the stored. Storage 
area affects the quality of the material stored. The stored 
tobacco leaf are can become the growing place of pest. 
Lasioderma serricorne known to breed on the kinds of 
seeds, spices, and mainly tobacco, as well as attacking 
commodities during storage and processing [1]. After 
eggs hatching, the larvae burrowing down into tobacco 
will eat small galleries through the tobacco material [2]. 
Various control measures against storage pests can be 
applied individually or in the integrated control pro-
gram, which includes chemical, physical and biological 
control, environmental manipulation and the use of re-
sistance varieties [3]. In the case of mass multiplication 
of stored product pests, which are frequently used are 
inorganic insecticide and contact insecticide [4]. 
Pest control stored which is often carried out is by  
the application of active pesticide ingredient with a 
phosphine fumigation method [5]. Although the use of 
fumigant and contact insecticide active ingredient phos-
phine is very effective, it has become the world's atten-
tion due to its negative effects, such as ozone depletion, 
environmental pollution, kill insect non-target, pest re-
sistance, and pesticide residues are left behind [6]. The 
development of resistance to phosphine in L. serricorne 
has occurred [7]. Control alternative indicated by the 
plant products, namely, essential oils and their compo-
nents [8]. The majority of the active ingredients second-
ary metabolites issued on plants as chemical defenses 
against pest organisms [9]. The natural compounds 
from plant sources are believed to have the advantage 
over conventional pesticides regarding toxicity to mam-
mals is low, the rapid degradation and local availability 
[8]. In the context of agricultural pest management, bo-
tanical insecticides are most suitable for use in the pro- 
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duction of organic foods in industrialized countries, but 
it can play a greater role in the production and post-
harvest food protection in developing countries [10].  
Storage pest control with botanical pesticides may 
provide some bioactivity [11]. Such compounds can act 
as a fumigant [6], a contact insecticide [6, 12], antifeed-
ant [13, 14], as a repellent [11, 15], and also may result 
in some biological parameters such as growth rate, 
lifespan, and reproduction [11, 13, 16]. Fumigation and 
repellent activity plays a major role in controlling insect 
pests in stored products. Ability insecticide plant essen-
tial oils that are contact and fumigant have been widely 
demonstrated against stored product pests. Some plant 
compounds have been tested against insects that attack 
stored products in order to develop new control tech-
niques [17, 18].  
Kaffir lime (Citrus hystrix D.C.) is one of the plants 
is known to have a high level of essential oil that can be 
used as botanical pesticides. Toxicity test against corn 
beetle (Sitophilus zeamais Motschulsky) using oil ex-
tract 30 to 120 uL of C. hystrix resulted in 100% beetle 
mortality in the 5 hour test period [19]. Therefore, this 
research aimed to study the activity of the fumigant and 
repellent leaf extract of C. hystrix against tobacco beetle 
L. serricorne. 
 
MATERIALS AND METHODS 
Insects rearing 
Cigarette beetles were collected from infested, 
stored, tobacco and reared in a 600 mL plastic container 
containing oatmeal and yeast (95%: 5%) were mixed 
thoroughly. Rearing conducted in the laboratory rearing 
with a temperature of 27 ± 2°C and a relative humidity 
of 75 ± 5%. After oviposition, the insect parents were 
removed. The new emerging adults were used for rear-
ing back and test insects.  
 
Preparation of the extract 
Extraction of C. hystrix (Figure 1) carried out by 
maceration method. The leaves of C. hystrix cleaned 
then dried for 24 hours at room temperature. It aims to 
reduce the water content, thereby speeding up the pro-
cess of extraction and more resistant to microbes. Lime 
leaves cut into small pieces with a knife. Maceration per-
formed with material and solvent ratio of 1: 4. Extraction 
leaves of C. hystrix using non-polar solvents, n-hexane 
96% p.a. Then stirring using an orbital shaker at 120 
rpm for 24 hours. Maceration results were filtered using 
filter paper Whatman no. 1. After filtered, the extraction 
is then separated from the  n-hexane using  a rotary  va- 
cuum evaporator. Evaporator temperature is set around 
60ºC. The evaporated then filtered and put into jars and 
sealed. It is intended that the filtrate does not evaporate, 
and then stored in a refrigerator at 4ºC.  
 
Gas chromatography/mass spectrometry (GCMS) 
Chemical constituents were analyzed by gas chro-
matography-mass spectrometry (GC-MS). GCMS anal-
ysis: GCMS analysis of N-hexane plants extract was de-
termined by GCMS Shimadzu Model QP-2010 Plus 
Mass Spectrometer under the following conditions: DB 
– Polyethylene Glycol coated fused silica capillary col-
umn (30 m length × 0.25 mm ID × 0.25 µm film thick-
ness): Helium Carrier Gas (1.34 mL/minute); 250ᵒC in-
jector temperature; 240ᵒC interface temperature; 200ᵒC 
Ion Source Temperature. Column temperature pro-
grammed at 60ᵒC with 10ᵒC / minute rise to 230ᵒC. For 
GCMS detection an ionization energy of 70 ev was used. 
As much as 50 mg of N-Hexane leaf extract sample were 
taken separately and made up to 10ml with N-hexane, 
from which 1 µL of the sample was injected (split mode) 
in the column. The components were identified based 
on a comparison of the retention times with those found 
in the literature and on computer matching spectral MS 
data against Wiley 8 Library (comparison quality > 
80%). 
 
Fumigant activity  
Larvae, pupae, and adults. Testing fumigant activity 
against L. serricorne done by exposing as many as 20 
larvae (age 10 – 12 days), 20 pupae (aged 1 – 2 days), 
and 20 adults, without distinction of male and female 
(age 5 – 7 days) on each concentration tested. Each con-
centration of dissolved in 1 mL of acetone. The concen-
tration is 0 (control), 20, 30, 40, 50, and 60 ppm. Tests 
conducted in a glass bottle of 250 mL. 
Each concentration is dripped evenly on a piece of 
Figure 1. Kaffir lime (C. hystrix D.C.) 
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filter paper with a size of 7 × 9 cm and dried (10 
minutes). Then hung on a bottle cap with a pin. Filter 
paper mounted such that it is not in contact with the 
wall. After the test bottles stored indoors at a tempera-
ture of 27 ± 2°C and a relative humidity of 65 ± 5%. 
After exposure for 48 hours, respectively (larvae, pupae, 
and adults) were transferred into Petri dishes. Mortality 
of L. serricorne larvae and adults as soon as possible 
were observed, the insect is considered dead when 
touched does not show move. Pupae observed daily for 
10 days, the emerging adults were recorded and pupae 
not be/reach adults stage considered dead. 
 
Eggs 
Testing the activity of the fumigant against eggs is 
done by exposing the eggs (age 0 – 24 hours) at each 
concentration tested. Testing the eggs is laid on a round 
plate cloning. The tool is made of mica acrylic with a 
size of 5 × 4 cm by the hole. Each round consists of 20 
cloning microwell plates (D: 3 mm; inside 2 mm). Each 
microwell is filled one egg, each test used as many as 20 
eggs. The plate that already contains eggs is stored in 
750 mL jars. Furthermore, the procedures for treatment 
of such steps on the previous treatment. After 48 hours, 
the plate was transferred to the maintenance of a clean 
environment. Observations of hatching eggs done under 
a stereo microscope after 10 days and the eggs that did 
not hatch considered dead. 
All the number of dead insects in every stage were  
recorded and percentage of insect mortality were calcu- 
lated. If there were dead insects in the controls, the per-
centage of mortality needs to be corrected using Abbot’s  
formula [20].  
 
Repellent activity  
Observation of repellent activity conducted on each 
concentration used Petri dish olfactometer (Figure 2). 
Each petri dish olfactometer consists of treatment and 
control. Each concentration is dripped into pieces of fil-
ter paper (4 × 7 cm). The concentration is 20, 30, 40, 50, 
and 60 ppm. For control treatment only drops of ace-
tone. Then the filter paper is inserted into the bottle, 
and the bottle sealed with a cap on olfactometer. Each 
test using 20 adults of L. serricorne and placed in the 
middle of a petri dish. Petri dishes sealed with parafilm 
coated. Observations made the response after 2 hours by 
counting the number of insects in response to each treat- 
ment and control. 
Variable observations observed in repellency test is 
to count the number of insects in response to the control 
and treatment. To determine the response of test insects 
repellent can be calculated using the formula calculating 
the value Repellent Index (IR) based on the Pascual-Vil-
lalobods and Robledo’s formula [21]: 
 
𝐼𝑅 = {(𝐶 − 𝑇) (𝐶 + 𝑇)⁄ } × 100% 
 
Note: 
IR: Repellency Index (%) 
C: Number of insects in response to the control 
T: Number of insects that the response to treatment 
 
If the IR value is positive, it indicates repellent proper-
ties, while IR negative value indicates of the attractant 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Petri dish olfactometer 
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properties [21]. To determine the level of repellency 
used the following criteria [22].  
 
Statistical analysis 
All the percentage of mortality data were subjected 
to statistical analysis without transformation using Anal-
ysis of Variance (ANOVA). If it is significantly different, 
then the test continued using the Least Significant Dif-
ference test (LSD) at level 5% error by using SPSS v21. 
Median Lethal Concentration LC50 from fumigation test 
on the eggs, larvae, pupae, and adults calculated using 
Probit Analysis program [23]. The data Repellent Index 
(IR) analysis with Kruskal-Wallis nonparametric analy-
sis using SPSS v21 application. 
 
RESULTS AND DISCUSSION 
Chemical constituents  
Based on the test results of GC-MS, the chemical 
constituents of C. hystrix leaf extracts are shown in Ta-
ble 1. GCMS analysis of C. hystrix leaf extracts obtained 
four constituents were identified, with a total of 100% 
(Table 1). In detail, the leaf extract of C. hystrix showed 
the highest percentage in the compound citronellal 
(86.43%), citronellol (11.48%), beta-linalool (1.65%), 
and sabinen (0.44%) respectively. Different types of 
plants extracts showed differences in the number and 
percentage of chemical constituents [24]. Essential oils 
of plants may contain hundreds of different constituen-
cies, but certain components will be present in larger 
quantities [9]. Acyclic look like linalool and citronellal 
also make the components of essential oils [25]. 
The major constituent in C. hystrix was β-citron-
ellal, representing 66.85% of the total oil with more than 
four constituent results [26]. In this study, the major 
component also characterized β-citronellal, but with a 
higher percentage (86.43%). (-)-Citronellal was main 
constituent (81%) of the C. hystrix leaf oil [27]. In an-
other study, β-citronellal was not found in the C. hystrix 
oil [19]. The different in constituent characterization re- 
sults might be caused the difference in technique for ex-
traction, a variety of C. hystrix, and the difference in 
cultural practices. Furthermore, it has been reported that 
 
Table 1.  Chemical constituents analysis of C. hystrix leaf ex-
tracts by GCMS 
Retention time (min) Compound name Percentage (%) 
6.565 Sabinen 0.44 
8.576 Beta-Linalool 1.65 
9.480 Beta-Citronellal 86.43 
10.634 Citronellol 11.48 
overall toxic effect of plant extracts may be contributed 
by many chemical constituents [28]. The mechanism for 
underlying the possible interaction among constituents 
is important to be understood by determining the toxic 
effect of each chemical constituents of plant extract by 
applying them individually or in combination on the in-
sect test. 
 
Fumigant toxicity 
Fumigant toxicity assay of C. hystrix leaf extracts on 
adults, pupae, larvae, and eggs of L. serricorne per-
formed during 48 hours of exposure showed that C. hys-
trix leaf extract has strong fumigant toxicity against all 
stages of L. serricorne (Figure 3). The constituents of 
plants volatiles could enter test insects either through 
the cuticle or the spiracle [29]. The probable reason for 
the death of insects when exposed to volatiles com-
pounds could be either due to interference in gaseous 
exchange in respiration or asphyxiation [30]. Fumigant 
activity of the extract compounds cause interference in 
the respiratory system and can increase the activity of 
sensory nerves are high, leading to death due to disrup-
tion of some insect body systems [31]. 
The best concentration contained at 60 ppm as the 
mean percentage mortality of more than 50% in all 
stages of L. serricorne. The percentage of insect mortal-
ity from the highest were at pupae, eggs, adults and lar-
vae stage, which the percentage sequentially, 98.75%, 
93.75%, 86.25%, and 76.25%. This means pupae and 
eggs stage are more vulnerable and sensitive than larvae 
and adults stage. Wherein, the LC50 value from the low-
est was at pupae eggs stages (29.63 ppm), (31.61 ppm), 
adults (43.42 ppm), and larvae (47.56 ppm) (Table 2). 
The smaller value of LC50 means the more effective. 
The other study showed that the toxic effect of the 
Elsholtzia stauntonii extract influenced by treatment 
dose and stage of insect development [32]. 
The surface of the eggs chorionic L. serricorne con-
tained aeropyl and also micropyl located at the poles 
eggs [33]. Micropyl is a hole, which the eggs of L. serri-
corne contains micropyl between 7 until 11 with the 
functions as breathing hole [34]. Because of that the fu-
migant activity of C. hystrix leaf extracts could entering 
through aeropyl, and micropyl holes, which caused the 
eggs failed to grow and eventually die. L. serricorne in-
sect very active during larvae and adults stage, because 
the stage of larvae lots foraging to grow and develop 
[35]. Meanwhile, when the adult's stage is sucking fluids 
and eat a bit less, its makes larvae and adults more re-
sistant than the eggs and pupae stage. 
Bioactivity of Citrus hystrix Extract Against Cigarette Beetle  
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Nevertheless, these study results show the potential 
of C. hystrix leaf extracts in controlling the cigarette bee-
tle, with the best time for application is at pupae stage. 
Formulation of plants extracts and application trials in 
extensive tobacco storage are needed to establish the 
practicality and effectiveness of plants extracts as ciga-
rette beetle controlling technique. The advantage of us-
ing volatile oils are not particularly dangerous to con-
sumers because they are removed during washing and 
easily evaporate during cooking [36]. 
 
Repellent activity  
The response of L. serricorne adults on repellent ac-
tivity test based on Pascual-Villalobods and Robledo’s 
formula obtained positive IR value (Table 3). This indi-
cates that the leaf extract of C. hystrix tested on L. ser-
ricorne is repellent at all concentrations. The ethanolic 
extract from C. hystrix has the highest repellent activity 
to Sitophilus oryzae compared with mintweed and 
kitchen mint [37]. Statistical analysis Kruskal-Wallis 
nonparametric generate value P-value less than 0.05 α. 
It shows that the extract of leaves of C. hystrix applica- 
tion significantly affects the response of L. serricorne 
who refused (repellent). Differences in IR caused by dif-
ferent levels of concentration, which higher the concen-
tration the higher of its IR value (Figure 4). Based on 
the coefficient of determination R2 0.9766 which is close 
to 1, can be interpreted that the concentration and IR 
have a strong relationship. These values indicate that the 
IR is affected by the level of concentration of extract of 
leaves of C. hystrix and both affect each other by 
97.66%.  
Response L. serricorne who repellent due to their 
smell disliked by insects. The smell is a compound leaf 
extract of C. hystrix vaporized. The content of C. hystrix 
leaf extract contains compounds citronellal and citronel-
lol which has repellent properties. So when contained 
insects that approached the smell of the insects will stay 
away because they do not like the smell. The odor can 
be responded insects through the respiratory system of 
insects. The properties of citronellol and geraniol that 
make repellency effect against mosquitoes [38]. In the 
present study, the lowest IR value was obtained at a con-
centration of 20 ppm, so in the lowest class. While the 
 
Figure 3. Fumigant toxicity of five level concentration of C. hystrix leaf extracts against L. serricorne after 48 hours. Note:  the levels 
in the five concentrations block no connected by the same letter are significantly different (P ≤ 0.05) between 
concentrations based on LSD test (Error bars indicate the Standard deviation of means) 
 
Table 2. Lethal concentration of C. hystrix leaf extracts on four stages of C. ferrugineus after a 48-h exposure period 
Phase Regression equations SE LC50 (ppm)* LC90 (ppm) 
Limits LC50 (ppm)* 
Under Upper 
Adults y = -2.9038 + 4.8264 x 0.9897 43.42 80.02 33.06 64.26 
Pupae y = -1.6892 + 4.5449 x 0.8992 29.63 56.72 18.95 37.35 
Larvae y = -1.5641 + 3.9136 x 0.9320 47.56 101.10 38.92 68.28 
Eggs y = -2.3121 + 4.8751 x 0.9193 31.61 57.91 27.13 35.68 
* LC50 and LC90 = the concentration of which 50% and 90% of the insects died 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Petri dish olfactometer 
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Tabel 3. The repellent index of C. hystrix leaf extract against L. 
serricorne adults  
Concentration (ppm) The mean value IR (%) Class IR* 
20 8 I 
30 30 II 
40 40 II 
50 58 III 
60 66 IV 
* Repellency class: 0 = < 0.1 % IR, I = 0.1 to 20 % IR, II= 20.1 to 40 % IR, III= 
40.1 to 60 IR, IV=60.1 to 80% IR, and V = 80.1 to 100% repellency index [22]. 
 
Figure 4.  The relation between the concentrations with IR 
 
value of IR and the highest class present in concentra-
tions of 60 ppm which are included in the level strong 
repellent (Class IV). In another study, essential oil of 
Kafﬁr lime based on IR also categorized ad class IV [19]. 
However, this study shows that at appropriate rates 
of application, the C. hystrix leaf extract could exhibit 
both fumigant and repellent toxic actions against the 
cigarette beetle. The studies about the effectiveness pe-
riod (LT50) and formulation development for weevil con-
trol by C. hystrix leaf extract must be determined to re-
duce cost. However, further studies under bulk storage 
conditions and safety of the extract in other organisms 
also needed before recommending the large-scale use of 
these plants extracts. 
 
CONCLUSION 
Based on the results of the study the bioactivity of 
C. hystrix leaf extract has a fumigant activity against 
adults, pupae, larvae and eggs L. serricorne. Sequentially 
LC50 value fumigant activity highest to lowest as follows; 
larvae 47.56 ppm, adults 43.42 ppm, eggs 31.61 and pu-
pae 29.63 ppm. Leaves extract of C. hystrix also are re- 
pellent against L. serricorne with the best repellent index 
value contained at a concentration of 60 ppm with an 
index value of 66% repellent and belongs to a class IV 
repellent which means it has a strong repellent level. It 
shows that C. hystrix leaf extract has great potential as 
one of the stored pest control components. 
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